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气氛能更有效地促进氧沉淀的生成。在 Ar 气氛下进行 Ramping-低-高热处理，
洁净区宽度基本不受铜玷污的影响，具有良好的稳定性，而在 N2 气氛下进行
Ramping-低-高热处理，洁净区宽度随着铜玷污温度的升高逐渐遭到破坏；样品
在 Ar 气氛下进行 RTP-低-高热处理，洁净区宽度随铜玷污温度的升高而变窄。
而在 N2 气氛下进行 RTP-低-高热处理，其洁净区宽度基本不受铜玷污的影响，
具有良好的稳定性。 
（3）氧沉淀核心消融处理对氧沉淀生成和分布的影响。结果表明，在



















Copper atoms easily precipitate during wafer preparation and device processing 
due to its high diffusion coefficient and the solubility decreases with the decreasing of 
temperature in silicon, which is detrimental to the property of silicon wafer. Although, 
some effective heat treatments were proposed to form denuded zone, the stability of 
denuded zone and oxygen precipitates in silicon are seldom researched. Hence, 
stability of denuded zone and oxygen precipitates were investigated in this thesis. 
Several conclusions were drawn as following： 
(1) The influence of heat treatment and copper contamination temperature on the 
formation and stability of denuded zone. It was found that only Ramping-Lo-Hi can 
form denuded zone and sufficient oxygen precipitates simultaneously among the 
Hi-Lo-Hi, RTP-Lo-Hi and Ramping-Lo-Hi heat trartments. When copper 
contamination introduced, the width of denuded zone formed by RTP-Lo-Hi dcreased 
with the increase of copper contamination temperature while denuded zone formed by 
Ramping-Lo-Hi remained the original width, indicated that denuded zone formed by 
Ramping-Lo-Hi has a better stability.  
(2) The influence of atmosphere on oxygen precipitates and denuded zone. It was 
revealed that, compared with Ar atmosphere, N2 atmosphere can promote the 
formation of oxygen precipitates more efficiently. The denuded zone of samples 
subjected to Ramping-Lo-Hi at Ar atmosphere were stable while the denuded zone of 
samples subjected to Ramping-Lo-Hi at N2 atmosphere were destroyed after the 
introduction of copper contamination；The denuded zone of samples subjected to 
RTP-Lo-Hi at Ar atmosphere dcreased with the increase of copper contamination 
temperature and the denuded zone of samples subjected to RTP-Lo-Hi at N2 
atmosphere shown a good stability. 
(3) The influence of the dissolution of oxygen precipitate nuclei on the 















defects (BMDs) were observed when subjected to high temperature dissolution heat 
treatment after 750°C/6h, indicated that high temperature can not dissolve all of the 
nuclei, the snowflake-like BMDs can be observed under N2 and O2 atmosphere; when 
copper contamination was introduced, the density of BMDs and the size of rodlike 
BMDs became lager because of the formation of copper precipitates and 
copper-oxygen precipitates.  
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    18 世纪初，硅作为一种元素被人们真正认识[1]。Gay Lussac 和 Thenard 用四
氟化硅和金属钾加热反应得到可燃的红棕色材料，这种材料可能是混有可燃物的










2015 年，英特尔和三星两家公司生产的芯片线宽已缩小到 14nm 并且实现量产，
其中苹果手机的 A9 处理器及三星的 Exynos 7420 成为主流高端手机芯片。若按
照摩尔定律[5]继续发展下去，那么在 2017 年将实现 7nm 制程工艺芯片的量产[6]。
随着集成度的增加，对硅材料的性能和品质提出了更加严格的要求。 
除了在微电子工业的大量使用，硅材料在太阳能电池领域中的地位也是具有
历史意义的。早在 1959 年，美国贝尔实验室的 D. M. Chapin 等制备出了硅太阳


















































                        (1.2) 
其中， IeC 、 VeC 分别是自间隙原子和空位的平衡浓度， IoC 、 VoC 分别是自



















个特性，美国的 MEMC 公司研制出了―魔幻洁净区‖(Magic Denuded Zone, MDZ)
硅片。 
1.2.2 硅单晶中的位错和层错 














































Si+SiO2→2SiO                        (1.3) 
反应生成的 SiO 随后便进入熔体中，在熔体对流作用下，大部分的 SiO 会
被传输到熔体表面并蒸发至晶体生长气氛中，只有很少的一部分 SiO 在熔体中分
解并发生以下反应： 




                      D=D0exp(-ED/KT)                       (1.5) 
式中，D 为扩散系数，cm2/s；D0 为硅中氧的扩散率；ED为扩散激活能。 
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